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® A compressor for use in a refrigerating cycle 
operated with R134a as the refrigerant gas includes 
a reciprocating piston type compressing mechanism 
(2) disposed in a sealed container (1 ) and an electric 
motor for driving the compressing mechanism. The 
bottom portion of the container forms an oil reservoir 
for accumulating lubricating oil (4). The oil reservoir 
is provided with a cooling device (5) which cools the 
lubricating oil in the oil reservoir to thereby suppress 
the deterioration of the lubricating performance of 
the lubricating oil due to the R134a and that of the 
insulating material of the coil of the electric motor or 
the like, whereby the reliability of the operation of 
the compressor can be improved. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a sealed type 
compressor and, more particularly, to a sealed 
compressor which exhibits improved reliability and 
performance in a case where it is operated with 
alternate refrigerant R134a which meets the freon 
(fluorocarbon) regulation. 

Recently, the use of chloride type freon has 
been regulated because of the problem of the 
ozone destruction. For example, the use of freon 
12 (R12), which has been used in the refrigeration 
cycle of a refrigerating apparatus such as a refrig- 
erator, is regulated. Therefore, R134a tends to be 
used as an alternate refrigerant. 

First, a conventional sealed type compressor 
will now be described with reference to Figs. 7 and 
8. 

As shown jn Fig. 7, a reciprocating compressor 
A, which belongs to the sealed compressors for 
use in refrigerators, freezing chambers or air con- 
ditioning apparatuses, has a compressing mecha- 
nism 2 and an electric motor 3 both accommo- 
dated in a sealed container 1. Furthermore, refrig- 
erator or lubricant oil 4 is contained in the bottom 
portion of the sealed container 1. In addition, a 
piston 22 is slidably disposed in a cylinder 21 of 
the compressing mechanism 2. The piston 22 thus 
disposed is reciprocated by the eccentric rotation 
of an eccentric portion 24 of a crank shaft 23 which 
transmits the rotational force of the electric motor 
3. As a result, the refrigerant gas can be sucked, 
compressed and discharged. 

The refrigerant compressed by the compress- 
ing mechanism 2 and discharged from the com- 
pressor A is at a high temperature and under a 
high pressure. Therefore, the refrigerant gas radi- 
ates heat and is liquefied when it passes through a* 
condensor B formed by a zigzag pipe as shown in 
Fig. 8. The pressure of the liquefied refrigerant is 
lowered by a pressure-reducing mechanism C 
comprising a capillary tube before it is introduced 
into an evaporator D. During the passage of the 
refrigerant through the evaporator D, it is evap- 
orated while absorbing heat of the portion outside 
the evaporator D. As a result, it is again reformed 
into a low temperature and low pressure gas and 
then sucked by the compressor A. 

In the above-described conventional sealed 
compressor, R12, R22, or R502 or the like is used 
as the refrigerant. The temperature at which the 
sealed compressor is operated, the material of 
each of the elements of the movable portions and 
the volume of the cylinder and the like have been 
determined in consideration of the type of the 
refrigerant employed. Therefore, in a case where 
R134a is used as the alternate refrigerant, a prob- 
lem is predicted that the reliability at the tempera- 



ture at which the conventional compressor has 
been operated. The reason for this lies in the 
degradation of the refrigerating machine oil 
(lubricating oil), the lubricating performance thereof, 
5 and the stability of the material of an enameled 
wire 31 and that of an insulating member 32, for 
example, deterioration in the facility in origomer 
extraction. In the case in which R134a is used, 
there arises another problem that the size of the 
io compressor must be increased because of a ne- 
cessity for enlarging the volume of the cylinder 
because the refrigerating performance obtainable 
from the same cylinder volume is lowered due to 
the thermal property of R134a in comparison to a 
75 case in which another refrigerant is used. 

Accordingly, an object of the present invention 
is to provide a sealed type compressor which is 
capable of overcoming the above-described prob- 
lems, designed to use R134a which does not de- 
20 struct ozone and displays reliability and perfor- 
mance comparable to those obtained in the case in 
which R12 is used. 

The sealed compressor according to the 
present invention is used in a refrigeration cycle in 
25 which R134a is used as the refrigerant gas. The 
basic structure of the compressor comprises a 
sealed container, a reciprocating piston type com- 
pressing mechanism disposed in the container and 
an electric motor for driving the compressing 
30 mechanism. The bottom portion of the container 
forms an oil reservoir for accumulating lubricating 
oil. Furthermore, the present invention is character- 
ized in that the oil reservoir is provided with a 
cooling device. 
35 The cooling device cools the lubricating oil in 

the oil reservoir to lower the temperature of the 
discharged gas from the compressor and that of 
the coil of the electric motor below the tempera- 
tures realized in a case where the compressor uses 
40 refrigerant R12. therefore, deterioration of the 
lubricating oil (refrigerator oil) can be prevented. 
Furthermore, the quantity of origomer extracted 
from the enamel wire and the insulating member 
which are exposed to refrigerant. R134a can be the 
45 same or smaller than that obtained in the case in 
which they are exposed to refrigerant R12. 

In an embodiment of the present invention, the 
refrigeration cycle includes a condenser for con- 
densing the refrigerant gas discharged from the 
so compressing mechanism and an evaporator for 
evaporating the condensed refrigerant. The con- 
denser includes a first portion adjacent to the com- 
pressing mechanism and a second portion adjacent 
to the evaporator. The cooling device is disposed 
55 in the oil reservoir and has its inlet and outlet ports 
respectively connected to an outlet port of the first 
portion of the condenser and an inlet port of the 
second portion of the same, so that the refrigerant, 
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which has passed through the first portion of the 
condenser, flows in a heat exchange relationship 
with the lubricating oil in the oil reservoir to cool 
the lubricating oil and, then, is introduced into the 
second portion of the condenser. 

In the embodiment of the present invention, a 
manganese phosphate layer is formed in at least a 
portion of the surface of a crank shaft which con- 
nects the compressing mechanism with the electric 
motor. Preferably, a molybdenum disulfide sprayed 
layer may be formed on the manganese phosphate 
layer. Since the compression ratio in the case 
where refrigerant R134a is used is higher than in 
the case where refrigerant R12, the frictional forces 
acting on the surface of the crank shaft and the 
surface of the piston, which are sliding surfaces of 
the compressing mechanism, are larger in the case 
where R134a is used. The manganese phosphate 
layer and the molybdenum disulfide sprayed layer 
improve the self-lubricating performance of the 
sliding surfaces. Therefore, even when R134a is 
used, the reliability of the operation of the moving 
portions can be kept for a long time. 

It is further preferred that the compressing 
mechanism includes a cylinder head having a dis- 
charge port formed at a position which confronts 
the head of the piston and the head of the piston 
has a projection at a position aligned with the 
discharge port of the cylinder head, so that the 
projection is received by the discharge port when 
the piston reaches its top dead center. As a result, 
the re-expansion loss due to the dead volume of 
the discharge port can be reduced to improve the 
volumetric efficiency. 

The above and after objects, features and ad- 
vantages of the invention will become more appar- 
ent from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical cross sectional view of a 
sealed compressor embodying the present in- 
vention; 

Fig. 2 is a block diagram which illustrates a 
refrigeration cycle which includes the compres- 
sor shown in Fig. 1; 

Fig. 3 is a graph which shows the results of 
experiments for evaluating the deterioration in 
the lubricating oils in a case where refrigerant 
R12 is used and in another case where refriger- 
ant R134a is used; 

Fig. 4 is a graph which shows the results of 
experiments for evaluating the degree of 
oligomer extraction from an enamel wire and an 
insulating member in a case where refrigerant 
R12 is used and in another case where refriger- 
ant R1 34a is used; 

Fig. 5 is an exaggerated and enlarged view of a 



part of the surface of a crank shaft covered with 
a manganese phosphate layer; 
Fig. 6 is an exaggerated and enlarged view 
which illustrates a molybdenum disulfide layer 
5 formed on the manganese phosphate layer by a 
spraying method; and 

Figs. 7 and 8 respectively correspond to Figs. 1 
and 2 and illustrate the conventional compressor 
discussed above. 

10 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Figs. 1 and 2, the elements which 

is are the same as those shown in Figs. 7 and 8 are 
given the same reference numerals. 

A sealed compressor A is designed to be used 
with R134a to cool a refrigerator and has a sealed 
container 1 of a metal. The container 1 accom- 

20 modates compressing mechanism 2 and electric 
motor 3 which are drivingly connected to each 
other by a crank shaft 23. The electric motor 3 has 
a stator 3a which has a coil 31 wound around a 
stator core via an insulating material 32. A rotor 3b 

25 of the electric motor 3 is secured to an end portion 
of the crank shaft 23 for rotation therewith. The 
compressing mechanism 2 has a cylinder 21 and a 
piston 22 which is reciprocally disposed in the 
cylinder bore in the cylinder 21 . The piston 22 is 

so connected to an eccentric portion 24 of the crank: 
shaft 23 so as to be driven in such a manner that it 
is reciprocated in the cylinder 21. A cylinder head 
25 forms a closed working-chamber 21a in- 
cooperation with the cylinder 21 and the piston 22. 

35 The volume of the working chamber 21a is 
changed when the piston 22 is reciprocated. The 
cylinder head 25 has a discharge port 26 formed at 
a position which confronts the head of the piston 
22. On the other hand, a projection 22a is formed 

40 on the head of the piston 22 so that the projection 
22a is received into the discharge port 26 when the 
piston 22 reaches its top dead center. 

The bottom portion of the sealed container 1 
forms an oil reservoir 4 for accumulating lubricating 

45 oil (also called "refrigerator oil") for lubricating 
movable portions of the compressing mechanism 2 
such as the eccentric portion 24 and the peripheral 
surface of the piston 22. The lubricating oil accu- 
mulated in the oil reservoir 4 is, by a known oil 

50 circulating mechanism (omitted from illustration), 
forcibly sent to the above-described movable por- 
tions so that they are lubricated. Then, the lubricat- 
ing oil flows along the stator 3a of the electric 
motor 3 to cool the coil 31 and the insulating 

55 member 32 of the stator 3a and then drops and 
returns to the oil reservoir 4. 

The cylinder head 26 has a suction port 
(omitted from illustration) in addition to the dis- 
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charge port 26. The discharge port 26 and the 
suction port are connected to a refrigeration cycle 
as shown in Fig. 2. The reciprocating motion of the 
piston 22 changes the volume of the working 
chamber 21a, causing the working chamber 21a to 
suck the refrigerant R134a, compress the same 
and discharge the same. 

As in the conventional refrigeration cycle, the 
refrigeration cycle shown in fig. 2 comprises a 
condenser B for receiving high temperature and 
high pressure refrigerant gas discharged from the 
compressor A to condense it, a pressure reducing 
mechanism C for reducing the pressure of the 
condensed refrigerant and formed by a capillary 
tube and an evaporator D for evaporating the refrig- 
erant the pressure of which has been reduced, to 
cause it to absorb heat of circumambient air. In 
addition to the above-described elements, the re- 
frigeration cycle shown in Fig. 2 has a modification 
to be described below: 

The oil reservoir 4 shown in Fig. 1 has a 
lubricating oil cooling device E which includes a 
pipe 5 which extends through the lubricating oil 
accumulated in the oil reservoir 4. The condenser 
B shown in Fig. 2 includes a first portion, that is, an 
upstream portion B1, which has an inlet port E1 
connected to the discharge port of the compress- 
ing mechanism 2. The condenser B further in- 
cludes a second portion, that is, a downstream 
portion B2, which has an outlet port E4 connected 
to the pressure reducing mechanism C. The end 
portions of the pipe 5 shown in fig. 1 are respec- 
tively connected to the outlet port E2 of the first 
portion B1 and the inlet port E3 of the second 
portion B2 of the condenser B. As a result, the 
refrigerant gas discharged from the compressor A 
passes first through the first portion B1 of the 
condenser B, then, through the pipe 5 of the cool- 
ing device E and then through the second portion 
B2 of the condenser B. Then, the gas is introduced 
into the pressure reducing mechanism C and 
passes through the refrigeration cycle in the above- 
described sequential order. Thus, the refrigerant 
gas returns to the compressor A. 

In the refrigeration cycle for a refrigerator 
which uses a conventional reciprocating piston 
compressor (a 250-litter-class reciprocating piston 
compressor the nominal output of which is 100 W) 
which does not have the cooling device E shown in 
Fig. 2, the temperature of the lubricating oil in the 
compressor reaches 90 °C to 100*C. On the other 
hand, the temperature, at which the refrigerant gas 
discharged from the compressor is condensed, is 
set to be of the order of 40 *C to 50 °C. The 
refrigerant present in the outlet port E2 of the first 
portion B1 of the condenser B is in a state in which 
gas and liquid are mixed with each other. There- 
fore, when the refrigerant in the above-described 



state passes through the pipe 5 of the cooling 
device E, it exchanges heat with the lubricating oil 
in the oil reservoir 4 and absorbs heat from the 
lubricating oil to lower the temperature of the 

5 lubricating oil. Since the thus cooled lubricating oil 
is supplied to the moving portions of the compress- 
ing mechanism, the compressing mechanism is 
lubricated and as well as cooled down. Further- 
more, the lubricating oil, which has performed the 

10 lubricating operation, cools down the electric motor 
3. 

The temperature of the refrigerant, which 
passes through the pipe 5 of the cooling device, 
can be changed by adjusting the position at which 

75 the pipe 5 is connected to the condenser B to 
thereby change the ratio of the gas to the liquid of 
the refrigerant which is introduced into the pipe 5 
of the cooling device. In the embodiment shown in 
Fig. 2, the pipe 5 is connected to an intermediate 

20 portion (the intermediate portion in terms of the 
heat capacity) of the condenser B. As a result, it 
was found that the temperature (the temperature of 
the discharged refrigerant gas and that of the coil 
31 of the electric motor 3) of the compressor A 

25 having the above-described capacity is lowered by 
about 10*Cto15*Cas compared with the conven- 
tional compressor which does not have the cooling 
device E. 

Rg. 3 illustrates the results of measurements of 

30 the degree of deterioration in the lubricating oil with 
respect to the time while compressors were op- 
erated, the measurement being carried out by 
means of the chromaticity. Referring to Rg. 3, the 
two solid line curves X and Y show the results 

35 measured when the compressor was operated with 
the refrigerant R134a, while the broken line curve 
line Z shows the results measured when the com- 
pressor was operated with the refrigerant R12. 
Curves X and Z respectively show the results ob- 

40 tained in the cases where the compressors had not 
the lubricating oil cooling device E and were op- 
erated with the refrigerant R134a and with the 
refrigerant R12 and both at the same operation 
temperature (the conventional operation tempera- 

45 ture set for use with R12). On the other hand, the 
curve Y shows the result obtained in the case 
where the compressor had the lubricating oil cool- 
ing device E and was operated with the refrigerant 
R134a. As can be seen from the curves X, Y and 

so Z, even if the refrigerant R134a is used, the com- 
pressor having the lubricating oil cooling device E 
according to the present invention exhibits a dete- 
rioration in the lubricating oil substantially equal to 
the deterioration in the lubricating oil experienced 

55 with the conventional compressor having no 
lubricating oil cooling device and operated with the 
refrigerant R12. 

Rg. 4 illustrates the results of measurements of 
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the quantity of extracted origomer from the enamel 
wire 31 and that from the insulating member 32 
with respect to the time (days) while the compres- 
sor was operated. Referring to Fig. 4, the two solid 
line curves x and y show the results obtained when 
compressors were both operated with the refriger- 
ant R134a, while the broken line curve z shows the 
results obtained when a compressor was operated 
with the refrigerant R12. Curves x and z respec- 
tively show the results obtained in the case where 
the compressors which had not the lubricating oil 
cooling device E and operated respectively with 
refrigerant R134a and with the refrigerant R12 and 
both at the same operation temperature (the con- 
ventional operation temperature set for R12). On 
the other hand, the curve y shows the result ob- 
tained in the case where the compressor had the 
lubricating oil cooling device E, and operated with 
the refrigerant R1 34a. As can be seen from the 
curves x, y and z f the compressor having the 
lubricating oil cooling device E according to the 
present invention exhibits thew extracted origomer 
quantity y which is smaller than the extracted 
origomer quantity z obtained in the case where the 
conventional compressor having no lubricating oil 
cooling device is operated with the refrigerant R12. 
Therefore, even if the compressor according to the 
present invention is operated with the refrigerant 
R134a, the moving portions of the compressing 
mechanism can be protected from problems caus- 
ed due to the action of the origomer deposited 
from the enamel wire or the insulating member. 

The projection 22a formed on the head of the 
piston 22 reduces the re-expansion loss due to the 
dead volume of the discharge port 26. Therefore, 
the volumetric efficiency of the compressor is im- 
proved by about 5%. Furthermore, since the whole 
of the compressor is cooled by the lubricating oil 
cooling device E and, thus, the temperature of the 
refrigerant gas contained in the sealed container 1 
is lowered by about 10* C, the volumetric efficiency 
is additionally improved by about 3%. Thus, the 
total of the volumetric efficiency is improved by 8% 
because the improvement in the volumetric effi- 
ciency realized by the projection 22a of the piston 
22 is about 5%, to thereby compensate for the 
deterioration in the refrigerating performance due 
to the physical properties of R1 34a. 

Furthermore, referring to Figs. 5 and 6, in the 
preferred embodiment of the present invention, the 
sliding surface of each of the piston 22 and the 
crank shaft 23 has formed thereon a manganese 
phosphate layer 27 to improve the self-lubricating 
performance of each of the sliding surfaces. There- 
fore, the reliability of the operation of the com- 
pressing mechanism can be improved. If the man- 
ganese phosphate layer 27 is formed only on either 
the piston 22 or the crank shaft 23, a correspond- 



ing effect can also be obtained. In a further pre- 
ferred embodiment of the present invention, a mo- 
lybdenum disulfide sprayed layer 28 is formed on 
the manganese phosphate layer 27, molybdenum 

5 disulfide (MoS2) being a solid lubricant 28a. The 
molybdenum disulfide sprayed layer 28 is formed 
in such a manner that a mixture of the solid lubri- 
cant 28a and a binder (an epoxy resin or an 
amidoimide resin) 28b dissolved by a solvent is 

10 sprayed onto the surface of the manganese phos- 
phate layer 27. Then, the solvent is perfectly re- 
moved by heating, which is performed at about 
100°C, so that the molybdenum disulfide sprayed 
layer 28 is formed. Then, the surface of the molyb- 

75 denum disulfide sprayed layer 28 is brushed in a 
specific direction so as to forcibly orient the par- 
ticles of the solid lubricant 28a. Furthermore, the 
layer 28 is heated at about 1 20 ■ C to 150 * C so as 
to polymerize the binder 28b by a thermal setting 

20 reaction. The solvent for the amideimide resin may 
be, for example, N-methylpyrolidone, while the sol- 
vent for the epoxy resin may be, for example, a 
mixture of Cellosolve acetate and methylethyl- 
ketone. Since the particles of the solid lubricant 

25 28a, which have been forcibly oriented, are ori- 
ented in a specific direction, its surface is peeled 
due to cleavage when frictional force is added to 
the same. Therefore, it has a very small frictional 
resistance. 

30 As described above, the present invention pro- 

vides a reliable and high performance sealed com- i 
pressor for use with the R134a refrigerant which : 
will not destruct ozone. H; 

<i. 

35 Claims 

1. A sealed compressor for use in a refrigeration 
cycle in which R134a is used as a refrigerant 
gas, said compressor including a sealed con- 

40 tainer, a reciprocating piston type compressing 

mechanism disposed in said container and an 
electric motor disposed in said container and 
arranged to drive said compressing mecha- 
nism, the bottom portion of said container for- 

45 ming an oil reservoir for accumulating a 

lubricating oil, 

characterized in that a cooling device for 
cooling the lubricating oil in said oil reservoir is 
provided. 

50 

2. A sealed compressor according to Claim 1, 
wherein said refrigerating cycle includes a con- 
denser for condensing the refrigerant gas dis- 
charged from said compressing mechanism 

55 and an evaporator for evaporating the con- 

densed refrigerant, said condenser includes a 
first portion adjacent to said compressing 
mechanism and a second portion adjacent to 
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said evaporator, said cooling device is dis- 
posed in said oil reservoir and has inlet and 
outlet ports respectively connected to an outlet 
port of said first portion of said condenser and 
an inlet port of said second portion of said s 
condenser, whereby the refrigerant, which has 
passed through said first portion of said con- 
denser, flows in a heat exchange relationship 
with said lubricating oil in said oil reservoir to 
cool the lubricating oil and then the refrigerant w 
is introduced into said second portion of said 
consenser. 



10. A refrigerator equipped with a sealed compres- 
sor according to any one of Claims 1 to 9. 



3. A sealed compressor according to Claim 1 or 

2, wherein a manganese phosphate layer is is 
formed in at least a portion of the surface of a 
crank shaft which connects said compressing 
mechanism with said electric motor. 

4. A sealed compressor according to Claim 3, 20 
wherein a molybdenum disulfide sprayed layer 

is formed on said manganese phosphate layer. 

5. A sealed compressor according to Claim 1 or 

2, wherein a manganese phosphate layer , is 25 
formed in at Jeast a portion of the surface of a 
piston of said compressing mechanism. 



6. A sealed compressor according to Claim 5, 
wherein a molybdenum disulfide sprayed layer 30 
is formed on said manganese phosphate layer. 

7. A sealed compressor according to Claim 1 or 
2, wherein manganese phosphate layers are 
formed in at least a portion of the surface of a 35 
crank shaft which connects said compressing 
mechanism with said electric motor and in at 
least a portion of the surface of a piston of said 
compressing mechanism. 

40 

8. A sealed compressor according to Claim 7, 
wherein a molybdenum disulfide sprayed layer 
is formed on each of said manganese phos- 
phate layer formed on said surface of said 
crank shaft and said manganese phosphate 45 
layer formed on said surface of said piston. 



9. A sealed compressor according to any one of 
Claims 1 to 8, wherein said compressing 
mechanism includes a cylinder head having a 50 
discharge port formed at a position which con- 
fronts a head of the piston and said head of 
said piston has a projection at a position 
aligned with said discharge port in said cyl- 
inder head so that said projection is received 55 
by said discharge port when said piston 
reaches its top dead center. 
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© A compressor for use in a refrigerating cycle 
operated with R134a as the refrigerant gas includes 
a reciprocating piston type compressing mechanism 
(2) disposed in a sealed container (1) and an electric 
motor for driving the compressing mechanism. The 
bottom portion of the container forms an oil reservoir 
for accumulating lubricating oil (4). The oil reservoir 
is provided with a cooling device (5) which cools the 
lubricating oil in the oil reservoir to thereby suppress 
the deterioration of the lubricating performance of 
the lubricating oil due to the R134a and that of the 
insulating material of the coil of the electric motor or 
the like, whereby the reliability of the operation of 
the compressor can be improved. 
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